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STEERING CONTROL APPARATUS, 
STEERING CONTROL SYSTEM, AND 
STEERING CONTROL PROGRAM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a divisional application of US. patent application 
Ser. No. 11/889,009, ?led on Aug. 8, 2007, Which claims the 
foreign priority bene?t under 35 U.S.C. §119 of Japanese 
Patent Application No. 2006-216412 ?led on Aug. 9, 2006. 
The subject matter of the earlier ?led applications are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field 
The present invention relates to a steering control appara 

tus, a steering control system and a steering control program 
for controlling a steering angle of a vehicle, particularly to 
those for controlling a steering angle of a vehicle in Which a 
steer-by-Wire is employed and a torque is separately provided 
for each steered Wheel. 

2. Description of Related Art 
As disclosed in IPA H07-125643, there has been knoWn a 

“steer-by-Wire (SBW)” in Which a mechanical connection 
betWeen a steering Wheel and steered Wheels of a vehicle is 
eliminated. In a vehicle employing the SBW technique, a 
sensor detects steering amount of a steering Wheel, based on 
Which steered Wheels are steered by using a motor or motors, 
or by using a hydraulic mechanism. 

In such a conventional technique, an actuator dedicated to 
steering (also referred to as a “steering actuator”) such as a 
motor or a hydraulic mechanism is required as a poWer source 
for steering the steered Wheels. Consequently, spare space for 
other components of the vehicle is restricted so that a steer 
ing-relevant design is constrained. 

Therefore, in the light of such a disadvantage, it has been 
target to provide a steering control apparatus, a steering con 
trol system and a steering control program in the SBW 
scheme, Which eliminates a steering actuator, thereby to 
enhance ?exibility of the steering-relevant design. 

SUMMARY 

In accordance With an embodiment of the invention, there 
is provided a computer program product embodied on a com 
puter readable storage medium. The computer program prod 
uct is encoded With instructions con?gured to control a con 
troller to perform a process for controlling the steering of a 
steer-by-Wire type vehicle. The vehicle includes steered 
Wheel motors that apply separate torques to the right and left 
steered Wheels respectively. A center of a contact face thereof 
and a kingpin point thereof are offset in a lateral direction of 
the vehicle. The process includes setting a target steering 
angle for the vehicle based on a steering amount of the 
vehicle, and setting a target torque difference betWeen the 
right and left steered Wheels based on the target steering 
angle. The process also includes setting a target driving/ 
braking force for the vehicle based on an acceleration amount 
and a braking amount of the vehicle, and setting each target 
torque for the right and left steered Wheels based on the target 
torque difference and the target driving/braking force. Fur 
ther, the process includes controlling driving of the steered 
Wheel motors based on the target torque. The kingpin point is 
positioned closer to the vehicle on an inside portion of an 
inside sideWall of a steered Wheel. 
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2 
In accordance With an embodiment of the invention, there 

is provided a steering control system that controls steering of 
a steer-by-Wire type vehicle including steered-Wheel motors 
that apply separate torques to the right and left steered Wheels 
respectively. A center of a contact face thereof and a kingpin 
point thereof are offset in a lateral direction of the vehicle. The 
system includes a target steering angle setting unit con?gured 
to set a target steering angle for the vehicle based on a steering 
amount of the vehicle, and a target torque difference setting 
unit con?gured to set a target torque difference betWeen the 
right and left steered Wheels based on the target steering 
angle. The system further includes a target driving/braking 
force setting unit con?gured to set a target driving/braking 
force for the vehicle based on an acceleration amount and a 
braking amount of the vehicle, and a target torque setting unit 
con?gured to set each target torque for the right and left 
steered Wheels based on the target torque difference and the 
target driving/braking force. Further, the system includes a 
motor driving unit for controlling driving of the steered 
Wheel motors based on the target torque. The kingpin point is 
positioned closer to the vehicle on an inside portion of an 
inside sideWall of a steered Wheel. 

Other features and advantages of the present invention Will 
become more apparent from the folloWing detailed descrip 
tion of the invention When taken in conjunction With the 
accompanying exemplary draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further embodiments, details, advantages, and modi?ca 
tions of the invention Will become apparent from the folloW 
ing detailed description of the preferred embodiments, Which 
is to be taken in conjunction With the accompanying draW 
ings, Wherein: 

FIG. 1 is a schematic diagram of a vehicle for a steering 
control apparatus, in accordance With an embodiment of the 
invention, is provided. 

FIG. 2 is a vieW for explaining a structure in a vicinity of 
steered Wheels of the vehicle for Which the steering controller, 
in accordance With an embodiment of the invention, is pro 
vided, in Which the steered Wheels are seen upWard from a 
contact point side thereof. 

FIG. 3 is a vieW on an arroW X, Which is seen in a direction 
from a rear side toWard a front side of the vehicle, in accor 
dance With an embodiment of the invention. 

FIGS. 4A to 4C are vieWs for explaining steering of the 
steered Wheels by utiliZing a kingpin offset, in accordance 
With an embodiment of the invention. 

FIGS. 5A and 5B are further vieWs for explaining steering 
of the steered Wheels by utiliZing a kingpin offset of Zero and 
non-Zero, respectively, in accordance With an embodiment of 
the invention. 

FIG. 6 is a block diagram illustrating a steering controller, 
in accordance With an embodiment of the invention. 

FIG. 7 is a schematic diagram illustrating a vehicle for 
Which a steering control apparatus, in accordance With an 
embodiment of the invention, is provided. 

FIG. 8 is a schematic diagram for explaining a lock mecha 
nism, in accordance With an embodiment of the invention. 

FIG. 9 is a block diagram illustrating a steering controller, 
in accordance With an embodiment of the invention. 

FIG. 10 is a block diagram illustrating a steering controller, 
in accordance With an embodiment of the invention. 

FIG. 11 is a lock coe?icient map for selecting a lock coef 
?cient, in accordance With an embodiment of the invention. 

DETAILED DESCRIPTION 

The principle of the present invention is that a center of the 
contact face and a kingpin point are intentionally offset in a 
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lateral direction (Width direction) of a vehicle, and the vehicle 
is controlled in its steering angle by utilizing this kingpin 
offset. 

With reference to attached draWings, there Will be provided 
descriptions on embodiments of the present invention, here 
inafter. Same numeral references Will be given to same or 
similar components, and duplicated descriptions Will be 
omitted. Right-left symmetric components Will be provided 
With numeral references of “R” and “L” respectively, if nec 
essary. 

FIG. 1 is a schematic diagram of a vehicle for a steering 
control apparatus, in accordance With an embodiment of the 
invention, is provided. FIG. 2 is a vieW for explaining a 
structure in a vicinity of steered Wheels of the vehicle for 
Which the steering controller, in accordance With an embodi 
ment of the invention, is provided, in Which the steered 
Wheels are seen upWard from a contact point side thereof. 

FIG. 3 is a vieW on an arroW X, Which is seen in a direction 
from a rear side toWard a front side of the vehicle, in accor 
dance With an embodiment of the invention. FIGS. 4A to 4C 
are vieWs for explaining steering of the steered Wheels by 
utiliZing a kingpin offset, in accordance With an embodiment 
of the invention. FIGS. 5A and 5B are further vieWs for 
explaining steering of the steered Wheels by utiliZing a king 
pin offset of Zero and non-Zero, respectively, in accordance 
With an embodiment of the invention. FIG. 6 is a block dia 
gram illustrating a steering controller, in accordance With an 
embodiment of the invention. It should be noted that FIGS. 4 
and 5 are schematic diagrams in Which the kingpin offset is 
emphasiZed and tie rods 16a, 16b are simpli?ed. 
As shoWn in FIG. 1, the steering control apparatus, in 

accordance With an embodiment of the invention, is an appa 
ratus for controlling steering of the vehicle CR of steer-by 
Wire type, and includes motors MR and M L that provide sepa 
rate torques for right and left steered Wheels respectively; a 
rod member 16 that couples the right and left steered Wheels 
TR, TL so that the right and left steered Wheels TR, TL can be 
steered; and a steering controller (steering control system) 
20A. 

The steering controller 20A serves for controlling each 
torque for the right and left steered Wheels T R, TL of the 
vehicle CR, so as to realiZe a target driving/braking force and 
a target steering angle. 

The steering controller 20A is connected With a steering 
sensor 31, an acceleration stroke sensor 32, a braking effort 
sensor 33 and a steering angle sensor 34. 
The steering sensor 31 serves for detecting steering amount 

of a steering ST (also referred to as merely “steering amount”) 
and a steering direction of the steering ST (also referred to as 
merely a “steering direction”). The acceleration stroke sensor 
32 serves for detecting acceleration amount of an accelerator 
pedal AP (also referred to as merely “acceleration amount”). 
The braking effort sensor 33 serves for detecting braking 
amount of a braking pcdal BP (also referred to as merely 
“braking amount”). The steering angle sensor 34 serves for 
detecting a steering angle (XCR of the vehicle CR. 

Each result from the sensors 31 to 34 is output to the 
steering controller 20A. 
The steering controller 20A includes, for example, CPU, 

RAM, ROM and I/O circuits and executes various controls 
(described later) by executing calculations based on each 
input from the sensors 31 to 34 and programs and data stored 
on the ROM. 
As shoWn in FIGS. 2 and 3, the steer-by Wire technique is 

employed in the vehicle CR for Which the steering control 
apparatus of the present invention is provided, and includes 
the motors M R, M L respectively provided for the right and left 
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4 
steered Wheels TR, TL. The motor M (M R, M L) is installed in 
the corresponding steered Wheel T (TR, TL), so as to provide 
a separate torque for each steered Wheel T (in-Wheel-motor 
system). The motors MR, M L are each exempli?ed as a 
steered-Wheel motor. 
The vehicle CR employs a strut suspension scheme, and 

each steered Wheel T is provided With a stabiliZer 12 via a 
loWer arm 11, a shock absorber unit 13 and a radial rod 14. 
The rod member 16 coupling the right and left steered 

Whleels TR, TL includes a central rod 16a and tie rods 16b, 16b 
that couple the central rod 1611 With the steered Wheels TR, T L 
respectively. 
Rn denotes a loWer arm length (described later) Which is a 

distance from each joint betWeen the steered Wheels TR, TL 
and the respective tie rods 16b, 16b to the corresponding 
kingpin point P2 (described later) in the longitudinal direc 
tion of the vehicle CR. 

In the vehicle CR in Which such a strut suspension system 
is employed, a virtual kingpin axis L is de?ned by a straight 
line through a joint (upper mount portion) A1 at Which the 
shock absorber unit 13 and a vehicle body of the vehicle CR 
are jointed and a joint (loWer mount portion) A2 at Which the 
motor M and the loWer arm 11 are jointed. 
The virtual kingpin axis L serves as a turning center axis 

When each steered Wheel T turns. 
A distance betWeen a ground contact of a center line of the 

steered Wheel T (i.e. center of the contact face of the steered 
Wheel T) P1 and a ground contact of the virtual kingpin axis 
L (i.e. kingpin point) P2 in the lateral direction of the vehicle 
CR is referred to as a kingpin offset (or scrub radius) R0 in the 
descriptions of the present invention. 
As shoWn in FIG. 5A, if the kingpin offset R0 is Zero, the 

steered Wheels T R, T L turn about the center of the contact face 
P1 (:P2) thereof as a turning axis When being steered (only 
the right steered Wheel T R is shoWn in FIG. 5A). MeanWhile, 
as shoWn in FIG. 5B, if the kingpin offset R0 is not Zero, the 
steered Wheels T R, T L turn about the kingpin point P2 thereof 
as a turning axis When being steered, and the center of the 
contact face P1 moves (turns) in a circular arc With a radius of 
R0 (only the right steered Wheel T R is shoWn in FIG. 5B). The 
present invention utiliZes this turning movement of the center 
of the contact face P1 about the kingpin point P2 for steering 
the vehicle CR. 
A conventional vehicle is designed to reduce this kingpin 

offset Ro as much as possible. To the contrary, the present 
invention encourages this kingpin offset Ro Which is utiliZed 
in steering of the vehicle CR. 

In this embodiment, as shoWn in FIG. 3, the steered-Wheel 
motors MR, ML are provided for the right and left steered 
Wheels TR, TL respectively. A distance (depth) WM of each 
motor MR, ML of the steered Wheels T R, T L in the lateral 
direction of the vehicle CR is set to be smaller than a distance 
WT of each steered Wheel T R, T L on the right and left side in 
the lateral direction of the vehicle CR (only the components 
on the left side are shoWn in FIG. 3). The steered-Wheel 
motors MR, M L are completely housed in the steered Wheels 
T R, T L, respectively, thereby to enhance ?exibility of suspen 
sion geometry including the loWer arm 11 and the shock 
absorber unit 13, etc., and to facilitate setting optimum offset 
variable of the kingpin point P2. 

In particular in this embodiment, as shoWn in FIG. 3, each 
joint (loWer mount portion A2) betWeen the rod member 16 
and the right and left steered Wheels T R, T L is provided more 
inWard than each inner end LIN of the right and left steered 
Wheels TR, TL in the lateral (right and left) direction of the 
vehicle CR. Accordingly, it is possible to realiZe a greater 
kingpin offset than that of a conventional vehicle. 
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In addition, the shock absorber 13 and the lower arm 11 and 
the like are disposed such that the kingpin P2 is positioned 
closer to the vehicle CR side than from the inner end L IN, so 
that an e?icient steering effort can be generated. 

In the present invention, the bigger the kingpin offset Ro 
becomes, the easier it becomes to generate a steering effort 
Fstr. NoW, it should be noted that, if the kingpin offset R0 is 
set to be too great, movement of the tire Ty becomes too great 
When it is steered, Which causes a disadvantage that the 
vehicle CR needs more housing space (tire house) for the tire 
Ty. In the light of this disadvantage, the kingpin offset Ro 
should be appropriately set in consideration of a body siZe, a 
tire radius Rt, a loWer arm length Rn, and suspension geom 
etry, etc., of the vehicle CR. 
When the vehicle CR runs, the torques TiR, TiL of the 

right and left steered Wheels TR, TL each serve as a reaction 
force betWeen the road and each tire Ty, so as to generate 
driving forces FdR, FdL (only the right steered Wheel TR is 
shoWn in FIG. 4A). The driving forces FdR, FdL are repre 
sented by the folloWing formulas l and 2. 

FdLITiL/RZ [Formula 1] 

FdRITiR/RZ [Formula 2] 

Where, Rt denotes a tire radius (radius of the tire Ty of the 
steered Wheel T). 
The driving forces FdR, FdL Work on each tire ground 

contact center P1, and generate moments MR, ML that steer 
the steered Wheels T R, T L around the kingpin point P2, respec 
tively (only the right steered Wheel T R is shoWn in FIG. 4B). 
The moments MR, ML are represented by the folloWing for 
mulas 3 and 4. 

ML:FdL-R0 [Formula 3] 

Where the right and left steered Wheels TR, T L have both an 
equal kingpin offset R0. 

The tie rods 16b, 16b are approximately vertical to the 
respective steered Wheels T R, T L, and forces along the axis of 
the tie rods 16b, 16b (the rod member 16) caused by the 
respective moments MR, ML denote as steering efforts 
FstriR, FstriL respectively; this relation is represented by 
the folloWing formulas 5 and 6 (in FIG. 4C, an upper vieW 
shoWs the steering effort FstriR on the right steered Wheel in 
details, and a loWer vieW shoWs both the steering efforts 
FstriR and FstriL on the right and left steered Wheels). It 
should be noted that each arroW of the steering efforts Fstr of 
FIG. 4C represents a forWard direction thereof, for conve 
nience. 

[Formula 4] 

M LIF slriL -Rn [Formula 5] 

Where, Rn denotes the loWer arm length, Which is a dis 
tance from a joint betWeen each steered Wheel T and the tie 
rod 16b to each kingpin point P2 in the longitudinal direction 
of the vehicle CR. 

Through these formulas l to 6, a total steering effort Fstr 
acting on the rod member 16 is a force in a direction repre 
sented by a bold arroW Fstr of FIG. 2, and is expressed by the 
folloWing formulas 7 and 8. 

[Formula 6] 

F slrIAT ><R0/ (RnxRl) [Formula 7] 

ATITiIFTiL [Formula 8] 
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6 
Where, Ro denotes the kingpin offset, Rn denotes the loWer 

arm length, Rt denotes a tire radius (radius of the tire Ty of the 
steered Wheel T). 
AT is a difference betWeen the torque TiR of the right 

steered Wheel T R and the torque TiL of the left steered Wheel 
T L. Herein, it is de?ned that the right direction of FIG. 3 
becomes a forWard direction of Fstr. 

Speci?cally, if the driving/braking forces (i.e. torques) of 
the right and left steered Wheels T R, T L are both equivalent to 
each other, the steering efforts of the right and left steered 
Wheels T R, T L derived from the kingpin offset R0 are canceled 
by each other, so that there is generated no steering effort to 
the vehicle CR. 
On the other hand, if the driving/braking forces (i.e. 

torques) of the right and left steered Wheels TR, TL are not 
equivalent to each other, there are generated a difference 
betWeen steering efforts of the right and left steered Wheels 
T R, T L. Accordingly, there is generated any steering effort to 
the vehicle CR. 
Even a vehicle (steering control system) employing a sus 

pension system other than such a strut suspension system also 
has a virtual kingpin axis. Therefore, a kingpin offset may be 
actively applied to such a vehicle, similar to this embodiment 
of the present invention. 
As shoWn in FIG. 6, the steering controller (also referred to 

as a “steering control system”) 20A includes a target steering 
angle setting unit 21, a target torque difference setting unit 22, 
a target driving/braking force setting unit 23 and a target 
torque setting unit 24 and a motor driving unit 25, as various 
functional units. 
The target steering angle setting unit 21 acquires steering 

amount and a steering direction detected by the steering sen 
sor 3 1, and set a target steering angle otm based on the steering 
amount and the steering direction that have been acquired. 
The target steering angle otm is a target value for a steering 

angle of the vehicle CR. This target steering angle am may be 
set to have the same steering feeling of the steering actuator 
constituted of a conventional rack & pinion mechanism, 
hydraulic mechanism or the like. The target steering angle 
otm may also be set such that gain thereof is adjusted depend 
ing on the vehicle speed. 
The target steering angle otm that has been set is output to 

the target torque difference setting unit 22. 
The target torque difference setting unit 22 sets a target 

torque difference ATm based on the target steering angle otm 
and an actual steering angle (XCR (see FIG. 1) detected by the 
steering angle sensor 34 such that the actual steering angle 
(XCR agrees With the target steering angle otm. In this embodi 
ment, the target torque difference setting unit 22 calculates 
the target torque difference ATm by a PI control using a 
difference A0. betWeen the actual steering angle (XCR and the 
target steering angle otm (:otcR—otm). 
A relation betWeen the target torque difference ATm and 

the difference A0. is represented by the folloWing formula 9. 
ATm :kp-AowkzfAotdl [Formula 9] 

Where, kp denotes a proportional gain and ki denotes an 
integral gain, and these parameters are prede?ned based on 
results from a pretest or the like. 

The target torque difference ATm represents a difference 
betWeen target torques for the right and left steered Wheels 
T R, TL of the vehicle CR. This target torque difference ATm is 
represented by the folloWing formula 10. 

ATmITmfR-Tm [Formula 10] 

The target torque difference ATm that has been set is output 
to the target torque setting unit 24. 
The target torque difference ATm may be set by not only 

the PI control scheme but also other control schemes. 
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The target driving/braking force setting unit 23 sets a target 
driving/braking force Tm_total, based on the acceleration 
amount detected by the acceleration stroke sensor 32 and the 
braking amount detected by the braking effort sensor 33. 

The target driving/braking force Tm_total is a target value 
for the driving/braking force (torque) of the vehicle RC. 

The target driving/braking force Tm_total that has been set 
is output to the target torque setting unit 24. 

The target torque setting unit 24 sets target torques Tm_R, 
Tm_L of the right and left steered Wheels T R, T L. 

The target torques Tm_R, Tm_L are a target value for each 
torque applied to the right and left steered Wheels T R, T L. 
Where, With the target torque Tm_R for the right steered 
Wheel T R and the target torque Tm_L for the left steered Wheel 
T L, the target torque difference ATm and the target driving/ 
braking force Tm_total are represented by the folloWing for 
mulas 11 and 12 respectively. 

ATmITmfR-TmfL [Formula 11] 

T MitOtHIIT miR+T miL [Formula 12] 

Therefore, the target torques Tm_R, Tm_L are represented 
by the folloWing formulas l3 and 14 respectively. 

T miL:(T mftotal-AT m)/2 [Formula 13] 

T miR:(T mitotal+AT m)/2 [Formula 14] 

The target torques Tm_R, Tm_L that have been set are 
input to the motor driving unit 25. 

The motor driving unit 25 controls driving of the motors 
MR and ML based on the target torques Tm_R, Tm_L. The 
motor driving unit 25 provides a feedback control for the 
motors MR, ML respectively such that a torque of the motor 
M R agrees With the target torque Tm_R and such that a torque 
of the motor ML agrees With the target torque Tm_L. In this 
embodiment, as the motors MR, ML, a three-phase brushless 
motor is employed, and the motor driving unit 25 performs a 
vector control based on a dq transformation. Accordingly, the 
driving force Tm_total and the steering angle (XCR that a driver 
of the vehicle CR desires are obtained at a time. In other 
Words, a steering effort Fstr represented by the formula 7 is 
generated in response to an output command of generating 
ATm. 

According to the steering control apparatus, in accordance 
With an embodiment of the invention, the vehicle CR can be 
controlled in steering Without using a steering actuator. By 
adjusting the torques applied to the right and left steered 
Wheels TR, TL, a target steering angle (XCR can be obtained. 
Accordingly, a steering actuator can be eliminated, thereby to 
enhance ?exibility of steering-relevant design. In addition, 
since the steer-by-Wire is employed, no mechanical connec 
tion betWeen the steering ST and the steered Wheels TR, TL is 
required, thereby to highly enhance ?exibility of vehicle 
design. 

There Will be provided descriptions on a vehicle in Which a 
steering control apparatus, in accordance With an embodi 
ment of the invention, is incorporated, mainly on different 
features from those of an embodiment of the invention. 
Descriptions on the same or similar features and components 
of the previously described embodiment Will be omitted. 

FIG. 7 is a schematic diagram illustrating a vehicle for 
Which a steering control apparatus, in accordance With an 
embodiment of the invention, is provided. 

FIG. 8 is a schematic diagram for explaining a lock mecha 
nism, in accordance With an embodiment of the invention. 
FIG. 9 is a block diagram illustrating a steering controller, in 
accordance With an embodiment of the invention. 
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8 
As shoWn in FIG. 7, the steering control apparatus, in 

accordance With an embodiment of the invention, further 
includes a steering controller (also referred to as a “steering 
control system”) 20B, instead of the steering controller 20A 
in the previously described embodiment. 
The steering control apparatus, in accordance With an 

embodiment of the invention, further includes the lock 
mechanism 17. 

The locked mechanism 17 serves for locking the rod mem 
ber 16 so as to ?x the steering angle am, and is controlled in 
its driving by the steering controller 20B. 
As shoWn in FIG. 8, the lock mechanism 17 is a hydraulic 

cylinder mechanism in Which a rod 16a serves as a piston rod, 
including a cylinder 17a divided into tWo partitions by a 
partition Wall 160 of the rod 1611, a hydraulic passage 17b that 
connects the tWo separated partitions and an electromagnetic 
valve 170 provided in the hydraulic passage 17b. 
The cylinder 17a and the hydraulic passage 17b are ?lled 

With oil, and the cylinder 17a is ?xed to the vehicle body. The 
electromagnetic valve 170 is sWitchable betWeen an open 
state and a close state thereof. 

In the open state of the electromagnetic valve 170, the oil 
?oWs betWeen the tWo partitions of the cylinder 7111, so that 
the rod 1611 can move laterally (in the right and left direction) 
and the steered Wheels T R, T L can be steered. 

On the other hand, in the close state of the electromagnetic 
valve 170, the oil cannot ?oW betWeen the tWo partitions of 
the cylinder 7111, so that the steered Wheels T R, TL are locked. 

Such a control by the electromagnetic valve 170 is executed 
by a lock mechanism driving unit 27 (described later). 
As shoWn in FIG. 9, the steering controller (steering con 

trol system) 20B, in accordance With an embodiment of the 
invention, further includes a lock necessity determining unit 
26 and the lock mechanism driving unit 27, as the various 
function units. 

In accordance With an embodiment of the invention, the 
target steering angle otm that has been set by the target steer 
ing angle setting unit 21 is also output to the lock necessity 
determining unit 26, and the steering angle (XCR of the vehicle 
CR that has been detected by the steering angle sensor 34 is 
output to the lock necessity determining unit 26, as Well. 
The lock necessity determining unit 26 determines Whether 

or not the rod member 16 is required to be locked by the lock 
mechanism 17 based on a difference betWeen the actual steer 
ing angle (XCR of the vehicle CR and the target steering angle 
otm. The lock necessity determining unit 26 determines that 
the rod member 16 is required to be locked if the difference 
A0. betWeen the actual steering angle (XCR of the vehicle CR 
and the target steering angle am (:otcR—otm) is equal to a 
predetermined (threshold) value otTH or smaller. 

This predetermined value otTH (also referred to as a “?rst 
predetermined value”) is predetermined and presorted, and 
may be a constant value or a variable value varying in corre 
lation With the vehicle speed. 
A determined result from the lock necessity determining 

unit 26 is output to the lock mechanism driving unit 27. 
The lock mechanism driving unit 27 controls driving of the 

lock mechanism 17 based on a determined result. If determin 
ing that the rod member 16 is required to be locked, the lock 
mechanism driving unit 27 controls the lock mechanism 17 to 
lock the rod 16a. If determining that the rod member 16 is not 
required to be locked, the lock mechanism driving unit 27 
controls the lock mechanism 17 to unlock the rod 16a. 

In the steering control apparatus, in accordance With an 
embodiment of the invention, if there is no necessity of 
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changing the steering angle (XCR When the vehicle runs 
straight, for example, stability of the steered Wheels TR, TL 
can be enhanced. 

In addition, in accordance With an embodiment of the 
invention, in a case in Which a relatively greater turning radius 
is required for the steered Wheels T R, T L, a traveling direction 
of the vehicle body can be changed by utiliZing a yaW moment 
due to a torque difference AT betWeen the right and left 
steered Wheels TR, TL even in the locked state of the rod 
member 16. 

There Will be provided descriptions on a vehicle in Which a 
steering control apparatus, in accordance With an embodi 
ment of the invention, is incorporated, mainly on different 
features from those of another embodiment of the invention. 
Descriptions on the same or similar features and components 
of the previously described embodiments Will be omitted. 

FIG. 10 is a block diagram illustrating a steering controller, 
in accordance With an embodiment of the invention. FIG. 11 
is a lock coef?cient map for selecting a lock coef?cient, in 
accordance With an embodiment of the invention. 

The steering control apparatus, in accordance With an 
embodiment of the invention, includes a lock mechanism 18 
instead of the lock mechanism 17 of another embodiment of 
the invention. 

The lock mechanism 18 is designed to continuously or 
intermittently provide a locking force to lock the rod 16a. 

The lock mechanism 18 can be realiZed by replacing the 
electromagnetic valve 170 of the lock mechanism 17 of 
another embodiment of the invention With a liner solenoid 
valve. Therefore, descriptions on the lock mechanism 18 Will 
be omitted. 
As shoWn in FIG. 10, the steering controller (also referred 

to as a “steering control system”) 20C, in accordance With an 
embodiment of the invention, includes a lock coe?icient set 
ting unit 28 instead of the lock necessity determining unit 26. 
The steering controller 20C further includes a vehicle speed 
calculating unit 29. 

In this embodiment, the target steering angle otm that has 
been set by the target steering angle setting unit 21 is output 
to the lock coef?cient setting unit 28, and the steering angle 
(XCR of the vehicle CR that has been detected by the steering 
angle sensor 34 is also output to the lock coe?icient setting 
unit 28. 

The vehicle speed calculating unit 29 calculates a vehicle 
speed VCR based on the torques of the motors MR, ML. The 
torques of the motors MR, ML have a correlation With the 
Wheel speed of the steered Wheels TR, TL, respectively. Cal 
culating the vehicle speed VCR based on speed of the driving 
Wheels is a conventional method, and the vehicle speed cal 
culating unit 29 may calculate the vehicle speed VCR by using 
such a conventional method. 
The calculated vehicle speed VCR is output to the lock 

coe?icient setting unit 28. 
The lock coe?icient setting unit 28 sets a lock coe?icient K 

With reference to a lock coef?cient map for selecting a lock 
coef?cient, based on the vehicle speedVCR, an actual steering 
angle (XCR and a target steering angle otm. 

The lock coe?icient K that has been set is output to the lock 
mechanism driving unit 27. 

The lock mechanism driving unit 27 controls driving of the 
lock mechanism 18 such that the lock coe?icient K that has 
been set is achieved. 

NoW, more detailed descriptions Will be given on the lock 
coe?icient K. The lock coe?icient setting unit 28 previously 
stores the lock coef?cient map for selecting a lock coef?cient 
of the FIG. 11, Which represents a correlation of the differ 
ence A0. betWeen the actual steering angle (XCR of the vehicle 
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10 
CR and the target steering angle am (:otcR—otm), the vehicle 
speed VCR and the lock coef?cient K, as shoWn in FIG. 11. 
The lock coef?cient K is a value betWeen 0 and l, in Which 

“KIO” denotes a completely unlocked state (a state in Which 
a lock is completely released), and “KIl” denotes a com 
pletely locked state. 

If such a lock coef?cient K is used, the steering effort Fstr 
acting on the rod member 16 is represented by the folloWing 
formula 15. 

Speci?cally, by setting an appropriate lock coe?icient K, it 
is possible to continuously or intermittently control the rela 
tion betWeen the torque difference AT and the steering effort 
Fstr. 

In accordance With an embodiment of the invention, the 
lock coe?icient K is set such that the greater the difference Aa 
becomes, the smaller the lock coef?cient K becomes; and the 
greater the vehicle speed VCR becomes, the greater the lock 
coe?icient K becomes. In addition, When the difference A0. is 
equal to a predetermined (threshold) value AotTH (also 
referred to as a “second predetermined value”) or greater, the 
lock coef?cient K is set to become constant for each vehicle 
speed VC. 

Therefore, in a loWer speed driving (“vehicle speed VCR 
small” of FIG. 11), the vehicle body orientation can be 
changed With a smaller steering radius by a steering; and in a 
higher speed driving (“vehicle speed VCR great” of FIG. 11), 
the change of the vehicle body orientation by the steering can 
be restrained, so as to secure stability of the vehicle body, 
meanWhile the vehicle body orientation can be changed 
mainly by using a yaW moment due to the torque difference 
AT betWeen the right and left steered Wheels T R, T L. 
The lock coef?cient map for selecting the lock coef?cient 

K of FIG. 11 may be set appropriately, depending on output 
performance of the motor M, an operation feeling of the 
steering ST, and movement characteristics determined by a 
structure of the vehicle body CR, etc. If a signi?cantly greater 
yaW moment can be set because of an output performance of 
the motor M, or if a stability of the vehicle body is attached 
more importance to, the lock coe?icient map of FIG. 11 may 
be set such that each line has a more moderate inclination 
Within a range of the difference A0. betWeen 0 to AotTH; or 
AotTH (ie the bend point of the lines in FIG. 11) is set Within 
a relatively smaller range of the difference Aot. 

According to the steering control apparatus, in accordance 
With an embodiment of the invention, it is possible to change 
stability and steering response depending on the condition of 
the vehicle CR. 

“Steering response” means a response performance from a 
time When the steering ST is manipulated by a driver to a time 
When the vehicle changes its orientation, and also means a 
ratio betWeen steering amount (input steering angle) of the 
steering ST and orientation variable of the vehicle body. 
The embodiments of the present inventions have been 

explained in details as described above. HoWever the present 
invention is not limited to those speci?c embodiments, and 
various modi?cations and changes thereto can be made by 
persons skilled in the art Without departing from the scope and 
spirit of the invention as set forth in the folloWing claims. 

For example, the steered Wheels of the vehicle are not 
limited to front Wheels, and may be rear Wheels or both the 
rear and front Wheels. 
The steering controller 20C, in accordance With an 

embodiment of the invention, may be constituted such that the 



US 8,224,527 B2 
11 

vehicle speed calculating unit 29 is omitted, and the lock 
coe?icient setting unit 28 sets a lock coe?icient K based on 
the difference A0. only. 

According to the present invention, a steering actuator is 
eliminated, thereby to provide a steering control apparatus, a 
steering control system and a steering control program in the 
SBW scheme, Which enhance ?exibility of a steering-rel 
evant design. 

The embodiments according to the present invention have 
been explained as aforementioned. HoWever, the embodi 
ments of the present invention are not limited to those expla 
nations, and those skilled in the art ascertain the essential 
characteristics of the present invention and can make the 
various modi?cations and variations to the present invention 
to adapt it to various usages and conditions Without departing 
from the spirit and scope of the claims. 
What is claimed is: 
1. A computer program product embodied on a non-tran 

sitory computer readable storage medium, the computer pro 
gram product being encoded With instructions con?gured to 
control a controller to perform a process for controlling the 
steering of a steer-by-Wire type vehicle, Wherein the vehicle 
comprises steered-Wheel motors that apply separate torques 
to the right and left steered Wheels respectively, Wherein a 
center of a contact face thereof and a kingpin point thereof are 
offset in a lateral direction of the vehicle, the process com 
prising: 

setting a target steering angle for the vehicle based on a 
steering amount of the vehicle; 

setting a target torque difference betWeen the right and left 
steered Wheels based on the target steering angle; 

setting a target driving/braking force for the vehicle based 
on an acceleration amount and a braking amount of the 

vehicle; 
setting each target torque for the right and left steered 

Wheels based on the target torque difference and the 
target driving/braking force; and 

controlling driving of the steered-Wheel motors based on 
the target torque, 

Wherein the kingpin point is positioned inWard from an 
inside portion of an inside sideWall of a steered Wheel, 

Wherein the vehicle further comprises a lock mechanism 
con?gured to lock a rod member, 

Wherein the process further comprises determining that it is 
required to lock the rod member When a difference 
betWeen a steering angle of the vehicle and the target 
steering angle is equal to a ?rst predetermined value or 
smaller, 

Wherein the vehicle further comprises a lock mechanism 
driving unit con?gured to control driving of the lock 
mechanism based on the determination that it is required 
to lock the rod member, 

Wherein the vehicle further comprises a lock mechanism 
con?gured to lock a rod member and con?gured to con 
tinuously or intermittently change a locking force on the 
rod member, 

Wherein the process further comprises setting a lock coef 
?cient based on a steering angle of the vehicle and the 
target steering angle, With reference to a lock coe?icient 
map in Which at least the lock coef?cient is correlated 
With a difference betWeen a steering angle of the vehicle 
and the target steering angle, and 

Wherein the vehicle further comprises a lock mechanism 
driving unit con?gured to control a driving of the lock 
mechanism to provide the locking force on the rod mem 
ber based on the lock coef?cient. 

2. A steering control system that controls steering of a 
steer-by-Wire type vehicle comprising steered-Wheel motors 
that apply separate torques to the right and left steered Wheels 
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12 
respectively, Wherein a center of a contact face thereof and a 
kingpin point thereof are offset in a lateral direction of the 
vehicle, the system comprising: 

a target steering angle setting unit con?gured to set a target 
steering angle for the vehicle based on a steering amount 
of the vehicle; 

a target torque difference setting unit con?gured to set a 
target torque difference betWeen the right and left 
steered Wheels based on the target steering angle; 

a target driving/ braking force setting unit con?gured to set 
a target driving/ braking force for the vehicle based on an 
acceleration amount and a braking amount of the 

vehicle; 
a target torque setting unit con?gured to set each target 

torque for the right and left steered Wheels based on the 
target torque difference and the target driving/braking 
force; and 

a motor driving unit for controlling driving of the steered 
Wheel motors based on the target torque, 

Wherein the kingpin point is positioned inWard from an 
inside portion of an inside sideWall of a steered Wheel, 

Wherein the vehicle further comprises a lock mechanism 
con?gured to lock a rod member, and 

Wherein the steering control system further comprises 
a lock necessity determining unit con?gured to deter 
mine that it is necessary to lock the rod member When 
a difference betWeen a steering angle of the vehicle 
and the target steering angle is equal to a ?rst prede 
termined value or smaller, 

a lock driving mechanism unit con?gured to control 
driving of the lock mechanism based on a determina 
tion of the lock necessity determining unit, 

Wherein the vehicle further comprises a lock mechanism 
con?gured to lock a rod member and continuously or 
intermittently change a locking force on the rod mem 
ber, and 

Wherein the steering control system further comprises 
a lock coef?cient setting unit con?gured to store a lock 

coe?icient map for at least correlating a lock coef?cient 
With a difference betWeen a steering angle of the vehicle 
and the target steering angle, and further con?gured to 
set the lock coef?cient With reference to the lock coef 
?cient map based on the steering angle of the vehicle and 
the target steering angle, and 

a lock mechanism con?gured to control driving of the lock 
mechanism to provide the locking force on the rod mem 
ber based on the lock coef?cient. 

3. The steering control system according to claim 2, 
Wherein the lock coe?icient map is con?gured such that, the 
greater the difference betWeen the steering angle of the 
vehicle and the target steering angle becomes, the smaller the 
lock coef?cient becomes, and the lock coef?cient becomes 
constant When the difference betWeen the steering angle of 
the vehicle and the target steering angle is equal to a second 
predetermined value or greater. 

4. The steering control system according to claim 2, 
Wherein the lock coef?cient map further correlates a vehicle 
speed With the lock coef?cient, and is con?gured such that, 
the greater the vehicle speed becomes, the greater the lock 
coe?icient becomes. 

5. The steering control system according to claim 3, 
Wherein the lock coe?icient map further correlates a vehicle 
speed With the lock coef?cient, and is con?gured such that, 
the greater the vehicle speed becomes, the greater the lock 
coe?icient becomes. 


